The Millennium Ecosystem Assessment is built on a conceptual framework that links biodiversity to the services ecosystems provide to society. Based on this framework, we first compile market and non-market forest valuation studies and, secondly, explore the potential of an econometric modeling exercise by conducting a world wide meta-analysis. This exercise aims to highlight the mapping of biodiversity indicators and assesses their respective role on the valuation exercise. Our results show that biodiversity loss is having an effect on forest ecosystem values. In addition, these effects reveal to be dependent on the type of services and global geo-climatic regions.
4 treatment and methodology. Section IV contains the main objectives to be addressed while results are discussed in section V, ending with some concluding remarks in section VI.
II. VALUATION OF FOREST GOODS AND SERVICES
Forests worldwide are known to be critically important habitats in terms of the biological diversity they contain and in terms of the ecological functions they serve. There are approximately 4 billion hectares of forests in the world (FAO, 2005) which amounts to 30.5% of land area. Their provision of goods and services plays an important role in the overall health of the planet and is of fundamental importance to human economy and welfare. The MEA classifies ecosystem goods and services in: provisioning services, which consist of products obtained from ecosystems including food, fiber, fresh water or genetic resources; cultural services, the nonmaterial benefits that people obtain from the ecosystem; including the aesthetic experience, recreation or spiritual enrichment; regulating services, including benefits obtained from the regulation of ecosystem processes, such as air quality regulation, climate regulation, water regulation, erosion regulation, pollination or natural hazard regulation; and supporting services, those which are necessary for the production of all other ecosystem services, such as soil formation, photosynthesis, primary production, nutrient cycling and provisioning of habitat (MEA, 2003) . All these services rely on the quality and functioning of the ecosystems, where biodiversity is feeding the system, providing these different values. Ecosystem management and future development alternatives depend on the tradeoffs among these services. Figure 1 presents the conceptual framework for the present study, where biodiversity and ecosystem services are linked to welfare changes. Under this framework, global changes caused by human activity such as climate change, alteration of biochemical cycles, or land use changes, are affecting ecosystem functions and biodiversity. As a consequence of these alterations, ecosystem goods and services also change, producing an impact on human welfare. This impact can be measured in terms of the economic values these ecosystem services provide to humans.
The primary role of an economic analysis is to present information to decision makers on how society might balance the tradeoffs inherent to resource allocation decisions, including how the benefits might be distributed (Rolfe et al., 2000) . There is concern that although international demands for timber and other products are well recognized through export markets, there is no corresponding mechanism to assess international demands for conservation and preservation of the cultural values. Godoy et al. (2000) illustrate this issue conducting an economic valuation of 5 tropical forests services. They obtain a low economic value for the rain forest on behalf of the local community, which explains their choice to clear forests for other land uses. Although outsiders value the rain forest for its high-use and non-use values, local people receive only a small share of the total value. In relation to this, Rolfe et al. (2000) show that, depending on the circumstances of the conservation proposal, foreigners can hold substantial non-use values for rainforest preservation in other countries relative to preservation options in their own country. Their results provide a tool for decision makers in terms of prioritizing rainforest preservation options. This evidence demonstrates the importance of non market values, such as non-use values and recreation in the overall assessment of preservation proposals, both for tropical forests and non-tropical forests.
Based on this evidence, both market and non-market forest values are taken into consideration in the present analysis.
Previous studies valuing ecosystem services focus on a single type of forest or on one type of economic value. For example, Chomitz et al. (2005) value biodiversity 'hotspot' areas in Brazil examining data from a survey of property values, relating land price to land characteristics. As a result, they conclude that forest land had a market value which was 70 per cent lower than comparable cleared land. Portela et al. (2008) also derive non-timber values from revealed preferences, based on actual choices of forest owners for different management schemes. These forest goods were almost twice as large as timber revenues for private non-industrial forests. In another study, Lindhjem (2007) reviews stated preference literature in Scandinavia in a metaanalysis over the last 20 years concluding that non-market forest values are insensitive to the size of the forest. Other studies have shown how ecosystem services contribute to economic activity. Richmond et al. (2007) found how the productivity of ecosystems contributes to countries' GDP, obtaining a positive relationship. Total welfare contribution for ecosystem services has been estimated at $33 trillion per year 1 (Costanza et al., 1997) . From the MEA framework, we know that these ecosystem services are supported by ecosystem functioning, where biodiversity plays a crucial role (Mooney et al., 2004) . However, a scarce number of studies look specifically at the links between biodiversity and the ecosystem services' economic revenues. Costanza et al. (2007) are an exception, where ecosystems' Net Primary Production is explained in terms of biodiversity richness. As a result, they find that a one percent loss in biodiversity in warm eco-regions results in about a half percent change in the value of the ecosystem services provided in these regions (Costanza et al., 2007 
III. METHODOLOGY AND DATA ANALYSIS
A database with 65 studies and 248 value estimates has been analyzed with respect to the socioeconomic values derived from the services provided by these worldwide ecosystems 2 (a list of the studies is presented in Table 1 ). A systematic procedure has been developed in defining the variables to be used in the analysis. Specifically, exploring the MEA classification for ecosystem services as well as assigning a specific service to each economic value. Moreover, each forest type has been classified into a biome type and additional indicators of biodiversity and climatic variables were added to the dataset. Biodiversity loss indicators were constructed using the IUCN red list database: threatened flora and fauna indexes (IUCN, 2007) . Finally, methodological and context characteristics linked to the valuation studies were introduced. From this set of studies, special attention is given to the links between forest services, biodiversity indicators and geo-climatic regions. We use the distribution of the forest values in a spatial dimension with latitudes in order to explore the differences of the global distribution of such values.
With the described dataset, and following previous studies on meta-analysis for ecosystem values Ghermandi et al., 2007; Woodward and Wui, 2001 ), a benchmark OLS regression is estimated to explore the links between the forest values and the different forest services, their distribution and relationship to biodiversity. In order to control for the panel structure of our data, the benchmark OLS model has been extended to a random effects GLS model. Tables 2, 3 and 5), such that:
Where Y is the value per hectare per year, a is the constant term, the betas represent the vectors of the coefficients in the regression model to be estimated, and associated with the following types of explanatory variables: forest specific (Xf), geo-climatic and biodiversity specific (Xg) and context specific (Xc), while u represents a vector of residuals. A double log model is finally estimated due to a better statistical fit. This functional form has proved to be the best specification in terms of statistical performance and according to the results provided in a box-cox test 3 .
Forest specific variables are summarized and described in Table 2 . Explanatory variables reflect the forest study area (lnha), the type of forest (mediterranean, boreal, tempconif, tempmix, tropicalwet and tropicalmix) , and the type of ecosystem service provided (cultural, provisioning and regulating) following the MEA classification. Finally, due to the nature of the data, the type of ecosystem service provided was divided into cultural services (cultural) and non-cultural services (noncult). Geo-climatic and biodiversity specific variables are summarized in Table 3 .
Meteorological variables were introduced in the dataset indicating minimum annual temperatures for the country (mint) as well as annual precipitation (precip). Each study is also classified according to their latitudinal position into wide geo-climatic regions, and in relation to the distribution of forest values in our sample, where some studies were undertaken in the tropics (lat_3030) while others were undertaken on temperate latitudes (lat_3060). Finally, biodiversity indicators were added to the dataset in form of endangered species indexes (flora and fauna) from the IUCN red list (IUCN, 2007) . These indexes measure the relative abundance of the threatened species. Mean values for these biodiversity indexes in each global latitudinal region are depicted in Table 4 . From this table we can observe that the range of endangered fauna is bigger in sub-tropical latitudes while endangered flora has a larger index in the tropics. Context variables are presented in Table 5 , where study variables, such as the method employed in assessing the economic value, the year of publication or the continent where the study takes place are included. The valuation method is introduced in the form of four variables (revealed, market, nonmarket and othermethod), while the year of study has been coded in two periods, decade1 for studies conducted before 1997, and decade2 for studies conducted after 1997. Finally, an economic variable is introduced to account for the income level of the country where the study took place (lnGDP) (IMF, 2007; World Bank, 2007 ).
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IV. OBJECTIVES AND HYPOTHESES
A previously stated, our aim is to study the interactions between forest ecosystems, forest values and biodiversity, and how these interactions vary in global latitudinal regions. Our main objective is thus to study in depth the interactions between forest ecosystems and biodiversity and explore whether these interactions vary in space. To address this empirical question, we have set up three main hypotheses. The first one explores the role of biodiversity loss in economic benefits derived from ecosystem services. Since biodiversity richness is positively related to net primary production, we expect our biodiversity loss indicators of endangerment status to also be significant in explaining negative ecosystem values effect. However, our sample is larger than that of Costanza et al. (2007) and includes many types of ecosystem services, encompassing cultural, regulating and provisioning. We can expect high indexes of threatened biodiversity to have a negative impact on the benefits derived from the ecosystem service, since endangered species are indicators of the ecosystem conservation status. This impact however may depend on the type of ecosystem service we are valuing. Costanza et al. (2007) find a positive link between biodiversity richness and provision of services. However, we have no a priori expectations of how biodiversity is affecting cultural or regulating services. Based on this fact, our second hypothesis refers to whether the employed biodiversity indicators are influencing forest benefits in a statistically significant way, depending on the type of service provided. Our third and last hypothesis addresses the spatial dimension of the biodiversity effect we are studying. We expect our biodiversity indicators to depend on the geo-climatic region of the world since each region is characterized by different climatic and socioeconomic characteristics that may affect final economic outputs obtained from ecosystem services.
To test the effect of biodiversity loss in human welfare we proceed by introducing the cross products of the different biodiversity indicators and the ecosystem services in the regression. In this way, we compute the joint effect of the biodiversity status together with the value of the ecosystem services and how these values are distributed in space. The effect of this biodiversity loss in ecosystem values has not yet been considered in literature, and has important implications for policy analysis and resources reallocation.
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V. RESULTS
With the described dataset we proceed with the estimation of the meta-regression of worldwide forest ecosystem values. The baseline model is an Ordinary Least Square (OLS) model, while in order to explore the panel nature of our data, a Generalized Least Square (GLS) model with random effects was estimated following Wooldridge (2003) . Baseline specification model results are split in Table 6 . The model specification provides a better model fit for the OLS specification, obtaining a As the main objective of study, special attention is given when assessing the effect of the biodiversity indicators on forest values. We find that biodiversity endangerment indexes are holding different signs, where endangered fauna (fauna) is not statistically significant in explaining forest values, and endangered flora (flora) is neither statistically significant in the model. This result may indicate that additional analysis is needed in order to link biodiversity losses to forest ecosystem 10 values. As we discussed earlier, biodiversity loss could be affecting ecosystem services in a different way, and exploring this possible effect is worthwhile.
In order to have a deeper understanding of these previous results, we explore in a second step if Biodiversity loss is affecting forest services depending on the regions. Table 7 Following our empirical objectives, from Furthermore, estimation results show that this transmission mechanism is not the same across the globe. In boreal and temperate areas the implicit price of endangered fauna is different to that found in other regions. These relative estimates show that this price is lower at higher latitude regions.
The recovery of threatened and endangered fauna species has been given important economic values in previous studies taking place in the temperate regions (Loomis and White, 1996) . One may argue that a high endangerment index may be related to threats to fauna, and thus resulting into lower economic values, as obtained from this meta-analysis. In contrast, the results show that endangered flora is increasing non-cultural values. This might be related to the fact that many of the existing flora is extracted for economic activities, and as such, deforestation and economic exploitation turn into the loss of flora species (Rolfe et al., 2000) . This loss of flora species is reflected on a high endangered flora index, which increases the value of remaining forest ecosystems, given that a higher scarcity of exploited species tends to raise the value of the remaining ones.
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VI. CONCLUDING REMARKS
The MEA focuses on the links between human well being and the world's ecosystems. This framework has been employed to link biodiversity loss and forest ecosystem values in a metaanalysis of worldwide forest valuation studies. This exercise constitutes a first attempt to link biodiversity losses to the economic consequences of their change in ecosystem services this biodiversity loss produces. Values were also collected for many different forest ecosystem types and services; both from market and non-market valuation techniques in a collection of worldwide studies.
Results highlight the complexity of dependencies between biodiversity loss, forest ecosystem services and their value to humans. The models show how biodiversity loss can indirectly affect forests values and how this effect varies with the geographical distribution of forests. Both endangered flora and endangered fauna are found as statistically significant in explaining forest values when considering both, the forest ecosystem service and the region. Endangered fauna is related to lower forest values and endangered flora, in contrast, is related to higher forest values.
These results are a first attempt to link biodiversity loss with ecosystem revenues employing the MEA conceptual framework, which links biodiversity to ecosystem functioning and ecosystem services provided to humans. Results indicate that human welfare derived from forest ecosystem services is affected by biodiversity losses. This constitutes however, an anthropocentric approach where only human well being is considered in the analysis. Nevertheless, important implications for policy analysis relating to resource allocation and conservation priorities can be derived. Further analyses may confirm these findings together with other predicted impacts due to climate change. Tables   Table 1: List of studies 
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